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Abstract 
The aim of this paper is the examination of the dynamic of fluid in tank. Dynamic fluid analysis will be performed by finite 
element method (FEM). As a tool for FEM analysis will serve the commercial software ANSYS Workbench FLUENT, which is 
often used in technical practice because of its fast and effective means of FEM model creation. A case study of a fuel tank 
partially filled with fluid was simulated in this paper using Volume of Fluid (VOF) multiphase model. In this paper, a part of the 
project which aims to develop a computer aided methodology for developing/designing of the fuel tanks based on static and 
dynamic analysis is presented. Further research can be undertaken in improving the optimum configuration and dimensions of the 
baffles in order to further reduce the sloshing in the fuel tank. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
Introduction sloshing refers to the motion of free liquid surface inside a container, which is a problem widely 
existing in applications of the aerospace, civil and marine engineering. To estimate the sloshing effects acting on the 
container, an accurate modeling of the free-surface waves is necessary. Over the past decades, it has been recognized 
that it is important to take the nonlinearity of sloshing waves into account. In terms of the free-surface non-linearity, 
one major difficulty is that the fully-nonlinear boundary conditions have to be satisfied on the free surface not 
known a priori. It seems that the best options for solving the fully-nonlinear problem are numerical methods [1, 2]. 
At present, numerical methods for surface wave problems are based on either the Navier–Stokes (NS) equations 
or potential flow theory. Due to the advantages in the efficiency and accuracy, the potential-flow-based methods 
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which assume the fluid to be incompressible, inviscid and flow irrotational are very popularly used in sloshing 
studies. For the time-domain simulation, a potential-flow-based method usually has two key modules: One is for 
solving the boundary value problem (BVP) of the velocity potential, which could be achieved by boundary element 
method (BEM), finite element method (FEM) , finite different method(FDM), pseudo-spectral method and so on; 
The other is for updating the boundary position and boundary conditions. For the free surface boundary, two 
procedures, the Mixed-Euler–Lagrange (MEL) and semi-Lagrangian (SL) procedure, are mostly adopted to update 
the free surface position and the corresponding boundary conditions [3].  
In recent times, the Computational Fluid Dynamics (CFD) analysis is playing a vital role in analysing the 
different design models and helps in saving time and cost by eradicating the need for construction of several 
prototypes in the design and testing phase. The CFD modelling approaches are also able to overcome flow 
limitations experienced in theoretical studies. Also, the complicated boundary problems often encountered in reality 
can be handled through CFD analysis. A more general modelling technique is the solution of the Navier-Stokes 
equations using CFD. Several numerical techniques exist for analysis of liquid storage tanks, of which the famous 
ones are explicit finite element, implicit Lagrangian̢ - Eulerian, hybrid finite element and volume of fluid (VOF). 
The VOF method is a very robust and flexible method than other methods for simulating complicated free surface. It 
is able to capture complex surface geometries having overturning waves and splashing. It is a challenging task to 
study sloshing due to the presence of complex flow interactions with the container [4]. 
2. Formulation of flow equations 
The difference between the Lagrangian, Eulerian and ALE description of the motion of a material body. We have 
seen that the difference lies in the location of the reference configuration M, from where the physical motion of the 
material body is described. In the Lagrangian approach M is labelled with the material configuration B, whereas in 
the Eulerian approach it is identical to the spatial configuration S. Only in the ALE approach the reference 
configuration is chosen arbitrary, that means it differs from the material configuration as well as from the spatial 
configuration [5]. 
2.1. Arbitrary Lagrangian-Eulerian description 
In the ALE description, shown in Fig. 1, the reference configuration is neither labelled with the material nor with 
the spatial one. It could be observed that the motion of the finite element mesh ߰௧ differs now from the physical 
motion ߮௧. As one could recognize in figure (Fig. 1) a good choice of the reference configuration leads to less 
distorted elements in the spatial configuration as compared to the Lagrangian description. So the ALE formulation 
minimizes the disadvantages of both, Lagrangian and Eulerian descriptions, while capturing their advantages, which 
are that boundary nodes remain on the boundary like in the Lagrangian description and that the elements are better 
distributed in the spatial configuration like this is the case in the Eulerian description [5]. 
 
Fig. 1. ALE description. 
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2.2. Lagrangian description  
In the Lagrangian description, shown in Fig. 2, the reference configuration is equal to the material configuration. 
The finite element mesh (Fig. 2) is therefore located in the material configuration and the mesh point m is identical 
to the position of the material point P in the material configuration, denoted by X. Now let s assume to draw 
material lines (dashed lines in figure Fig. 2) onto the material body, which are identical to the finite element mesh 
located in the material configuration. Since the circular plate deforms into an elliptical one, also these material lines 
deformed the spatial position x of the material point is obtained. It can be seen that large deformations of the 
material lines occur. Since the mesh motion is identical to the physical motion, which leads to the deformed material 
lines, also distorted elements occur. This is the main drawback of the Lagrangian formulation [6]. 
 
  
Fig. 2. Lagrangian description. Fig. 3. The Eulerian description. 
2.3.  Eulerian description  
The Eulerian description, shown in Fig. 3, the reference configuration is labelled with the spatial configuration. 
So the finite element mesh is located in the spatial configuration and the mesh point m is equal to the position of the 
material point P in the spatial configuration, denoted by x. Again we draw material lines on to the material body, but 
now in the spatial configuration. These material lines coincide with the finite element mesh in the spatial 
configuration. To obtain exactly these lines in the spatial configuration one can expect that these lines must be 
located in the material configuration as it is shown in the left hand side of Fig. 3. One could observe that the well 
distributed elements chosen as our reference configuration remain in its position since the finite element mesh is 
fixed in space. The drawback lies in the fact that boundary nodes will not remain on the boundary if the plate is 
further pulled, since for the next time step the same reference configuration is used, whereas the plate deforms and 
becomes more elliptical [6, 7]. 
3. Computational study and modeling 
The aim of this paper is the examination of the dynamic of fluid in tank. The analyzed the problem consists of 
a closed box which is at rest. 60% filled with fuel and 40% air, which is subjected to time-dependent acceleration 
with acceleration a = 9.81 m.s-2 (in the direction of Y axis) at time t = 1.5 s. We want find the maximum stress in the 
tank during the acceleration. 
 
Fig. 4. CAD model of the fuel tank. 
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A simplified model of the fuel tank is shown in Fig. 4. The fuel tank was configured without baffles and it is 
made of structural steel  
ANSYS – FLUENT software was used to mesh the computational domain of the fuel tank under consideration. The 
volume of fuel tank as the control volume was the domain taken in consideration for the subsequent analysis. The 
mesh consists of 156 772 numbers of cells in flow domain. In Fig. 5, triangular unstructured meshing was done for 
the given control volume. Volume of Fluid (VOF) multiphase model in ANSYS FLUENTTM 12.0 was used to 
predict the motion of the fuel inside the tank when the tank is under accelerated motion. The VOF model was 
designed to capture the position of interface between two or more immiscible fluids. Volume fraction of each of the 
fluids in each computational cell is tracked throughout the domain by sharing a single set of momentum equations 
between the fluids. The model relies on the fact that the fluids are not interpenetrating. In each control volume, the 
volume fractions of all phases add to unity. 
  
Fig. 5. Computational domain of the fuel. 
4. Results and discussion 
The free surface shape prediction results of dynamic simulation at the time of t = 1.5 s are represented in Fig. 6 – 9. 
 
   
Fig. 6. Free surface at t = 0.0 s. Fig. 7. Free surface at t = 0.5 s. 
 
            
Fig. 8. Free surface at t = 1.0 s. 
 
   Fig. 9. Free surface at t = 1.5 s. 
49 Martin Močilan et al. /  Procedia Engineering  136 ( 2016 )  45 – 49 
 
The stress results of in the time-dependent dynamic simulations are presented at the Fig. 10. 
 
 
 
 
Fig. 10. The maximum stress results. 
 
5. Conclusion 
The fuel liquid interface for the tank configurations without baffles was examined. From the CFD transient 
simulations have obtained the behaviour of liquids in fuel tank. Also we have obtained stress distribution in the fuel 
tank.  For reduce the stress in the fuel tank, we might use it baffles. 
In the further research, different other configurations of baffles can be analysed to optimize the design of the tank 
to further reduce the sloshing phenomenon. The CFD simulations so undertaken can therefore help in the designing 
of the future fuel tanks for industries. 
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